Immunocytochemical, electrophysiological, and other studies have evidenced the overlapping and continuing features of neurons and paraneurons which comprise amine/peptide-releasing endocrine and sensory cells (for review, see FUJITA et al., 1988) . Recent immunohistochemical investigations have, furthermore, revealed that certain endocrine and sensory paraneurons contain non-secretory proteins specific to neurons, including neurofilament protein, brain tubulin, neuron-specific enolase, and spot 35 protein, a Ca2+-binding soluble protein originally detected in the cerebellar Purkinje cell (FUJITA et al., 1983 (FUJITA et al., , 1988 YAMAKUNI et al., 1984; IWANAGA et al., 1985; HOZUMI et al., 1986) .
The gustatory cell in the taste bud is one typical sensory paraneurons, and has been demonstrated as immunoreactive for some neuron-specif c proteins: for neuron-specific enolase in several mammals including man (FUJITA et al., 1983) and for spot 35 protein in the guinea pig (IWANAGA et al., 1985) . Although the taste bud cells in the guinea pig have been reported to be immunoreactive for spot 35 protein (IWANAGA et al., 1985) , the immunocytochemical characteristics for other neuron-specific proteins remain to be investigated. On the basis of their ultrastructural features, mammalian taste bud cells have been divided at least into two types which may include the gustatory cell and sustentacular cell. However, the cell types in the taste bud differ from species to species and even among authors (see KINNAMON et al., 1985) .
Several paraneurons including those in the anterior pituitary gland, pancreatic islet, and carotid body may be supported by sustentacular cells which show immunoreactivity for the glia-specific S-100 protein; thus the latter cells can be compared to the glial element accompanying neurons (FUJITA et al., 1988) . It therefore seems worthwhile to examine whether S-100 protein immunoreactivity may occur in any cells in the taste bud.
The present paper investigates the immunocytochemical localizations of neuron-specific enolase (NSE), neurofilament protein (NFP), and S-100 protein as well as spot 35 protein in the taste buds of the guinea pig, and will further attempt to compare these immunoreactivities (if positively immunostained) with the established immunoreactivity for spot 35 protein. The immunoreactivities for the above proteins will also be examined in nervous elements supplying the taste bud.
MATERIALS AND METHODS
Five male guinea pigs of 250-350g body weight were used in this study.
Tissue preparation The applied techniques followed GRUBE and KUSU- MOTO (1986) .
Small tissue specimens of the circumvallate papillae in the tongue were removed from anesthetized animals, quickly frozen in Freon 22 precooled with liquid nitrogen, and freeze-dried at -40C for 72h. The dried tissue specimens were then exposed to the vapor phase of paraf ormaldehyde at 60t for 1h and embedded in araldite followed by immersion in propylene oxide. Serial semithin sections were cut at 0.5um and mounted on glass slides. Resin was removed from the section with Na-methoxide according to MAYOR et al. (1961) before the immunohistochemical procedure.
Antisera
The antisera used in this investigation were: rabbit anti-NSE serum (A589), rabbit anti-spot 35 protein serum, rabbit anti-NFP (145KD) serum, and rabbit anti-S-100 protein serum. The antisera against spot 35 protein and NFP were generously donated by Prof. Y. TAKAHASHI, Department of Neuropharmacology, Brain Research Institute, Niigata University, Niigata; and the antiserum against S-100 protein, by Dr. T. NAKAJIMA, Pathology Division, National Cancer Center Research Institute, Tokyo. The antiserum of A589 was purchased commercially (Dakopatts, Denmark).
Immunocytochemical protocol Throughout the immunocytochemical investigation the peroxidase-anti-peroxidase (PAP) technique by STERNBERGER (1986) was used.
To determine the optimum working dilution of each antiserum as a first layer, running ascending dilutions of the antisera were verified from 1:500 to 1:4,000. The sections were incubated with these antisera for 24h at 4C followed by incubation with porcine anti-rabbit IgG (1:20, 30min) and rabbit PAP complex (1:50, 30min).
Specificity controls
The specificity of the immunoreaction was checked by the following controls: the omission of each primary antiserum; incubating the tissue sections with normal rabbit serum in place of the primary antisera; and incubating the sections with the antisera which had been preincubated for 24h at 4C with the corresponding antigens of 10-20pg/ml (the antigen-inactivated antiserum).
RESULTS
All the antisera used in this study revealed weak to intense immunoreactivities of the taste bud cells and/ or neural elements localized in and out of the epithelium. The immunocytochemical reaction after the control procedures (mentioned above) were all negative, which consequently confirmed the specificities of all immunocytochemical findings.
Taste bud cells
The NSE-like immunoreactivity was confined to the taste bud, whereas none of the other epithelial elements were reactive (Fig. 1) . Three populations of taste bud cells were distinguished and tentatively designated as follows: type I (intensely immunostained), type II (weakly immunostained), and type III (completely immunonegative) ( Table 1 ). The type I cells were rather few in number and slender, spindlelike in shape. They extended apically from the base of the taste bud to the taste pore. The entire cyto- plasm was diffusely immunopositive for NSE. In cross sections of the taste buds, the cells were preferentially distributed near the periphery of the taste bud, and, in most cases, solitarily (Fig. 1) . On the other hand, the type II cells appeared more frequently comprising half the number of cells in each taste bud (Fig. 1 ). These cells, elongating from the base to the apical pore, contained more abundant cytoplasm immunoreactive weakly for NSE than the type I cells (Fig. 3) . The NSE immunoreactivity was negative in the rest of the taste bud cells (=type III) including certain spindle-shaped cells and basal cells (Figs. 2a,  3 ).
In accordance with the report by IWANAGA et al. (1985) , some of the taste bud cells showed the immunoreactivity for spot 35 protein in moderate intensity (Fig. 2b) . In adjacent semithin sections immunostained for spot 35 protein and NSE, every spot 35 protein-immunoreactive cell closely coincided with every weakly NSE-positive cell (Fig. 2a, b) . For NFP and S-100 protein, none of the taste bud cells were immunostained (figures not shown).
Neural elements in the taste bud and connective tissue
The neural elements showed immunoreactivities for NSE, NFP, and S-100 protein but not for spot 35 protein (Table 1, Fig. 2b) .
The immunoreactivity for NSE was recognized in nerve fibers both in the subepithelial connective tissue and in the epithelium, preferentially within the taste bud (Figs. 1, 2a) . Dense NSE-like immunoreactive fibers formed a plexus at the portion immediately beneath the epithelium containing a taste bud, and some of the nerve fibers penetrated into the taste bud. Showing a varicose appearance, the fibers were closely associated with the weakly NSE-immunoreactive bud cells (Fig. 3) , which corresponded to the moderately spot 35 protein-immunoreactive, type II cells. The neural elements in the connective tissue were immunostained for S-100 protein in comparable amounts of NSE-like immunoreactive fibers. On the other hand, the antiserum against NFP detected only certain parts of nerves immunoreactive for NSE. There was, however, no trace of NFP-and 5-100 protein-like immunoreactivities within the epithelial layer, including the taste bud.
DISCUSSION
The present immunocytochemical study showed that the neuron-specific proteins are localized in certain taste bud cells of the guinea pig. Confirming previous findings (IWANAGA et al., 1985) , the immunoreactivity for spot 35 protein derived from Purkinje cells was recognized in a part of the bud cells. The present findings revealed that all of the spot 35 proteinimmunoreactive cells concomitantly exhibited NSElike immunoreactivity, and thus three types of bud cells were distinguished in the guinea pig.
Immunocytochemical studies have demonstrated the occurrence of immunoreactivities for NSE, NFP, and spot 35 protein in several paraneurons of both endocrine and sensory types in some mammals including man (for review, see FUJITA et al., 1988) . Concentrating on sensory paraneurons, NSE-like immunoreactivity has been demonstrated in Merkel cells in the mammalian skin (GU et al., 1981) and in the frog taste organ (TOYOSHIMA and SHIMAMURA, 1988) , hair cells in the guinea pig organ of Corti (ALTSCHULER et al., 1985) , human olfactory cells (TAKAHASHI et al., 1984) , visual cells in the mammalian retina (FUJITA et al., 1983) , and taste bud cells in the mammalian tongue (FUJITA et al., 1983) . In contrast, antisera against NFP and spot 35 protein demonstrate fewer types of sensory paraneurons: immunostained for spot 35 protein are olfactory cells in some mammals for both NFP and spot 35 protein, (FUJITA et al., 1983; IWANAGA et al., 1985) . Although the functional significance oof these substances in the sensory paraneurons remains to be ascertained, these cells-extensively sharing the neuron-specific substances with neurons-may reflect their cell-physiology common to neurons. Applying this presumption to the taste bud, it seems to be reasonable to speculate that either type I or type II, or both, may correspond to the chemoreceptor cells for gustatory sensation. Likewise, KURAMOTO (1988) recently reported the presence of spot 35 protein-and NSE-like immunoreactivities in the bullfrog taste organ. These two immunoreactivities were localized in different subtypes of taste cells: numerous, large cells for spot 35 protein; and minor, small cells for NSE (KURAMOTO, 1988) .
Paraneurons may be associated with sustentacular cells, which correspond to the glia and Schwann cells for neurons. In fact, S-100 protein, a glia-specific substance, has been detected immunocytochemically in cells associated with several paraneurons (FUJITA et al., 1983; for review, see FUJITA et al., 1988) . The type III cell (of probable sustentacular nature) in the guinea pig taste bud, however, proved immunonegative for S-100 protein.
The taste bud is innervated by sensory nerve fibers which make synaptic contact with certain types of gustatory cells (KINNAMON et al., 1985; MURRAY 1973; TAKEDA, 1976; TAKEDA and HOSHINO, 1975; YAMASAKI et al., 1984) . In addition, neural elements other than the afferent sensory fibers supply taste buds in some mammals.
The mouse taste bud receives an adrenergic nerve supply (TAKEDA, 1976) . Substance P-immunoreactive fibers innervate taste buds in the cat (LUNDBERG et al., 1979) and in the rat (YAMASAKI et al., 1984) . It remains to be elucidated as to whether the substance P fibers may correspond to the reciprocal function of the afferent nerves or to the occurrence of independent efferent elements.
Our knowledge of the characterization of the innervation pattern of the guinea pig tatse bud is meager. Further extensive investigations including denervation experiments, and combined amine-fluorescence and immunocytochemical studies are needed in this field. To determine the structural and functional types of gustatory cells as well as the nervous elements in the taste bud, immunoelectron microscopic studies are required.
At all events, NSE and spot 35 protein proved to be useful markers to study the immunocytochemical features and innervation of the taste bud cells.
